Medical error and adverse patient outcomes affect trainees. Existing curricula focus primarily on improving the error disclosure process by utilizing educational tools such as standardized patient encounters and structured reflection but rarely address the psychological impact of error on healthcare providers, particularly at the undergraduate level \[[@CR1]\]. Considering the prevalence of burnout in physicians and the impact of medical error on physician wellness \[[@CR2]\], curricula on this topic to prepare future physicians are needed \[[@CR3], [@CR4]\].

According to the National Academy of Medicine (NAM), more than half of healthcare providers in the USA exhibit at least one symptom of burnout \[[@CR5]\]. Burnout has been associated with increased medical errors and is linked to increased medication errors, hospital infections, length of stay, and higher 30-day risk-adjusted mortality \[[@CR6]--[@CR8]\]. In response, the NAM has made clinician wellness a priority noting that "clinician well-being is essential for delivery of safe, high-quality patient care" \[[@CR5]\].

Medical error seems to be both a result of burnout and a factor contributing to burnout. Studies have found that after a medical error, physicians report loss of well-being due to fear, shame, and loss of confidence, as well as reduced job satisfaction due to moral distress. In 2000, the term "second victim" was introduced to acknowledge the impact of an adverse event on healthcare providers and the need for support \[[@CR9], [@CR10]\]. The second victim phenomenon is a concern for medical students, as most are involved in a medical error before they graduate from medical school \[[@CR11], [@CR12]\].

Given the prevalence of medical error and its wide-ranging effects on all providers, education regarding the impact of medical error for undergraduate medical students is recommended. For this reason, we designed an educational session to allow students to discuss the impact of medical error with local physician-educators in their community and prepare them before the first adverse event occurs. This topic has gained further urgency in the light of the COVID-19 pandemic as healthcare providers across every border are faced with a wave of adverse patient outcomes. The full impact of these adverse outcomes on healthcare providers is yet to be determined. Understanding how to prepare healthcare providers to anticipate adverse outcomes can in turn prepare psychiatrists to support their colleagues.

Methods {#Sec1}
=======

An hour-long session addressing the impact of medical error on physicians was created for a class of 300 second year pre-clerkship medical students and delivered in the late fall of 2016 and 2017. This project was submitted to the Institutional Review Board and was deemed to be exempt from review. This curriculum was a mandatory but ungraded component of a broader longitudinal health systems curriculum at the Wayne State University School of Medicine (WSU SOM) that began with patient safety topics in the first year. The second-year curriculum included videos of local physicians sharing their own experiences with medical error along with a guided small group discussion. The session had the following objectives:Students will appreciate the likelihood of being involved in a medical error in their future career through exposure to information regarding the prevalence and effects of medical error in a healthcare setting.Students will recognize both the professional and personal impact of medical error through small group discussion and narrative storytelling.Students will be able to identify both informational resources and individual personnel available locally if they or their colleagues struggle to cope with a medical error.

Students were anonymously polled before and after the 1-h curriculum to assess their knowledge and attitudes regarding this topic.

Medical students in the WSU chapter of the Institute for Healthcare Improvement (IHI) developed this curriculum under the guided mentorship of faculty members. Drawing heavily from research by Edrees, White, and Scott, students elected to focus on the impact of errors, the natural history of recovery, and local resources available after an error or adverse event \[[@CR13]--[@CR18]\].

The session consisted of video vignettes of local physician experiences with medical error interwoven into a didactic presentation that guided the small group discussion. Vignettes were collected by students through brief structured interviews with faculty physicians during which physicians reflected on an experience with medical error in their career. The interview guide was developed through a collaboration between faculty and students. Three faculty (an internist, medicine/pediatrics physician, and psychiatrist) were chosen due to their significant interactions with students and their willingness to share personal stories. Physicians signed a consent form developed by the legal department to allow recording of faculty discussing patient stories. Videos were reviewed to remove any patient protected information and embedded into a presentation containing information regarding the prevalence of adverse outcomes, impact of error on the physician, coping strategies, and available resources. This information was generated from published literature, the IHI Open School, and the Agency for Healthcare Research and Quality.

Physician faculty from internal medicine, family medicine, pediatrics, psychiatry, and surgery were invited to facilitate a small group discussion of 15--20 students. Facilitators were provided with a facilitator's guide, PowerPoint presentation, and video recordings. All facilitators were given the option to attend a 30-min briefing before the session; most elected to do so. Facilitators were encouraged to share personal anecdotes and experiences with medical error and identify sources of support.

To assess the impact of this curriculum, we utilized a pre--post-test survey design. An online platform (Qualtrics) was used to deliver the survey before and after the educational session. The survey assessed student responses on 14 items relating to the learning objectives of the session with a 5-point Likert scale ranging from strongly agree to strongly disagree.

We assessed knowledge and attitudes as this curriculum did not allow for evaluation of skills. We also chose to evaluate confidence. Awareness of local resources was an objective of the session and therefore an important measure of success. Items were written by students and faculty and reviewed by the SOM's patient safety course director for content validity, clarity, and relevance. Cognitive interviews and pilot testing were conducted with student members of IHI to ensure usability. Based on these validation steps, questions were refined and the survey finalized. The pre-test was delivered to students prior to the session, and the post-test was emailed to students for completion immediately after the session.

In 2016, the survey was distributed while the students were physically in the classroom prior to beginning the session. In 2017, the pre-test was emailed to students a few days prior to the session. The change in distribution methods was implemented to decrease the response shift bias present from the pre--post-test method.

Results {#Sec5}
=======

To match anonymous pre--post data responses, unique identifiers were utilized. Stata 15 was used to conduct the statistical analysis. Responses with no matches were excluded from the sample resulting in an *n* = 91 in 2016 and *n* = 174 in 2017. Means for pre--post-test responses were calculated in addition to mean change for each respective year as demonstrated in Table [1](#Tab1){ref-type="table"}. The 14 survey items were grouped into four domain-specific learning objectives including attitudes, awareness, confidence, and knowledge. A *t* test was utilized to assess the impact of the curriculum.Table 1Pre--post-test scores separated by domain20162017PrePostChangePrePostChangeDomainSurvey item*n* = 158*n* = 103*n* = 91*t* value*p* value*n* = 258*n* = 214*n* = 174*t* value*p* valueAttitudesI believe that acknowledging my responsibility in performing a medical error is healthy4.3234.4670.0963.2900.001\*4.3364.4620.1262.0300.044I believe that everyone in the medical error process is impacted, not just the patient4.5254.7500.2071.1800.2404.5174.5730.0561.3600.175I believe that the culture of medicine or the workplace environment impacts a physician's ability to cope with medical error4.3804.5240.0851.4500.1514.3784.4810.1031.4700.144Resource awarenessI am aware of resources that I can use to cope with performing a medical error2.2413.6121.31510.730\< 0.001\*2.5643.7991.23513.140\< 0.001\*I am aware of the avenues I can go through to report a medical error I witness2.4283.5521.0438.430\< 0.001\*2.6563.6210.96511.260\< 0.001ConfidenceI am confident in my ability to cope with medical error in your future career3.1763.7710.5855.740\< 0.001\*3.2553.8740.6198.444\< 0.001I am confident in my ability to recognize that a colleague is struggling to cope with performing a medical error3.4113.8760.4735.420\< 0.001\*3.3643.9480.5847.830\< 0.001KnowledgeI have an understanding of the caring for the caregiver concept3.1774.3081.1419.900\< 0.001\*3.6374.5190.88211.290\< 0.000\*A close call does not have an effect on the team or how members of a team will feel.4.2014.269− 0.032− 0.1900.8494.1784.164− 0.014− 0.8100.419Medical errors will not have an effect on my practice of medicine4.3774.400− 0.1283.1400.002\*4.2434.206− 0.0370.0001.000Admitting to a medical error will cause me to get sued.2.9943.2100.191− 0.2500.8023.0083.2480.243.450\< 0.001\*It is important to practice full disclosure for errors that have led to harm in contrast to those that have not2.5952.486− 0.333− 1.0900.2802.7722.561− 0.211− 2.2500.026There are multiple ways that a team can be affected by a medical error4.6464.660− 0.0111.9200.0574.5334.6430.112.0100.046Medical error can lead to physician burnout4.3544.6380.258− 2.1700.0334.3444.5560.2123.500\< 0.001\*Overall3.6304.0370.3489.6800.000\*3.6994.0460.32511.420\< 0.001\*^\*^Statistically significant

In 2016, results showed a significant change (*p* \< 0.001) in student responses by 0.34 units of mean change with a standard deviation of 0.35 units, implying that this curriculum impacted students. The items that addressed student awareness (2 questions) and confidence (3 questions) regarding how to cope with medical error were both significant. Items which assessed students' attitudes and knowledge regarding medical error showed statistical significance (*p* \< 0.01) for 1 out of 3 items in 2016 for attitudes and 2 out of 6 and then 3 out of 6 items for knowledge, respectively, in 2016 and 2017. Items not significant had higher mean responses initially. The attitudes domain had an average pre-test mean of 4.40 and the knowledge domain had an average pre--test mean of 4.00. Changes from pre-test means to post-test means are demonstrated in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Average pre--post-survey responses, after conduction of a 5-point Likert scale survey, divided into 4 core measures assessing the impact of medical error curriculum on medical students in 2016 and 2017

The highest pre--post-test mean changes were found in the awareness domain. Students' responses to the items gauging their awareness of resources to cope with and report a medical error after the session increased by more than 1 unit in both items. Both items in the confidence domain also showed statistical significance. Students' confidence in their ability to recognize and cope with a medical error increased by 0.5 units in both items. Within the attitudes domain, the item which measured students' perceptions of the impact of medical error on stake holders showed significant results in 2016. The items which assessed students' attitudes towards the impact of workplace culture and the importance of taking responsibility for medical error did not show significant change. However, the pre-test means for these two items were 4.38 and 4.32 initially corresponding to "Somewhat Agree" and "Agree." The item assessing students' knowledge of medical error leading to physician burnout showed significant change. However, the other 4 items assessing knowledge did not, though they did have higher pre-test means.

In the 2017 iteration of the session, due to a change in distribution methods, a higher response rate was received and the *n* = 174. The overall change in scores was 0.33 and the standard error even lower, 0.03. Additionally, the survey results remained largely the same. The awareness and confidence domains showed significance once again. The attitude items did not show significance and the knowledge domain showed significance in certain survey items and not others, similar to 2016. Specifically, the knowledge item of "Medical error can lead to physician burnout" once again showed significance in 2017 as well as 2016. The pre-test scores remained relatively the same in 2017.

In 2017, two more items were added to the survey including a scale and comments portion. Students were asked to rate whether they found the session helpful to their future work as physicians, and 90% of students responded in agreement with this statement. Common themes also emerged in student comments and included positive experiences with hearing faculty they know, and respect share their experiences. Students also requested more detail on the reporting of medical errors. One student stated "I was most impressed by the willingness of our clinical professors to share with us and be vulnerable. We admire them so much and their honesty and sharing their experiences only enhances that. This message was more impactful coming from clinicians we interact with daily. Had it been delivered by someone else I don't know that I would have been able to attach so much to the experience."

Overall the results for this session showed statistical significance in 2016 and 2017 with a Likert scale increase of 0.34 and 0.33 units, respectively. The improvement in the confidence and awareness domains was significant in both years while the pre-existing attitudes and knowledge stayed consistent.

Discussion {#Sec6}
==========

Findings show that an hour-long session delivered to second-year medical students on the impact of medical error and adverse events is feasible and effective in increasing self-reported confidence and awareness. After the session, students expressed both increased awareness of resources available in coping with medical errors and increased confidence in detecting and coping with medical error in their future careers.

The current state of healthcare in the USA calls for innovative approaches to train students to deal with systemic challenges in clinical practice. Coping with medical errors is a particularly relevant topic in the context of increasing physician burnout. A recent study found strong interest among medical students in education on this topic, especially in the format of small group discussions led by senior physicians sharing their experiences \[[@CR19]\].

There are limitations to this study. The long-term impact of this curriculum is unknown as students were surveyed directly following the session. We plan to survey students during their clerkship to see the longer-term impact of the session. The pre--post-test design also confounds the survey impact, though in the second iteration of the curriculum, students were sent the survey in advance to mitigate this effect. Pre-existing knowledge from the broader longitudinal curriculum and the wording of the attitude and knowledge items in the survey may have guided students to the presumed correct answer, diluting the study results. Finally, though validated tools addressing trainee attitudes towards medical error exist \[[@CR20]\], we opted to create our own survey to specifically address institution specific objectives of our tailored curriculum.

Despite these limitations, this curriculum is feasible, effective, and easily generalizable. This curriculum was delivered to 300 students utilizing limited resources and time. Inviting local faculty whom students know personally contextualizes medical errors and their impact for students. The curriculum gives facilitators an opportunity to model the strategies they teach beyond the classroom. Faculty likewise showed great interest in participating in the event, which is key to the success of this curriculum. After the first year, multiple faculty requested to participate. It seemed that this session was impactful for both faculty and students, and further investigation into the faculty perspective presents a future opportunity for research.

Overall, a 1-h session delivered by local faculty to a large class of medical students in their preclinical years regarding the impact of medical error and coping strategies is feasible, generalizable, and effective in increasing both student confidence and awareness of resources regarding the topic. It is hoped that training medical students to be aware of the impact of error will allow them to utilize available resources and mitigate the impact of adverse events on these potential second victims.
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